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ABSTRACT 
 
This paper implements two types of framework to investigate the outperformance, selectivity, and 
market timing skills in hedge funds: uncertainty and probability. Using the uncertainty framework, 
the paper develops an uncertain fuzzy credibility regression model in the form of a linear and 
quadratic CAPM in order to estimate these performance skills. Using the probability framework 
the paper implements frequentist and Bayesian CAPMs (linear and quadratic) to estimate the 
same performance skills. We consider a data set of monthly investment style indices published by 
Hedge Fund Research group. The data set extends from January 1995 to June 2010. We divide 
this sample period into four overlapping sub-sample periods that contain different market trends. 
Using the probability framework, our results show that bounded rationality triggers inefficiencies 
in the market that fund managers can utilise to outperform the market. This market 
outperformance is due to selectivity and market timing skill during periods of economic recovery 
only. We admit that these results contradict the rational expectations model. However, with the 
uncertainty framework this effect disappears on behalf of the rational expectations model and the 
efficient market hypothesis. This disappearance may be a result of the increased amount of high 
frequency trading witnessed recently that has made market inefficiencies, which are the main 
source of hedge fund performance, rarer. 
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1. INTRODUCTION 
 
his paper reports on an empirical investigation into the decision-making of investment styles 
employed by hedge fund managers. The study is based on data recorded over a period of 15 years. 
The key finding of the study is the demonstration of the difference between decision-making under 
risk (where probability models such as the frequentist and Bayesian models are used) and decision-making under 
uncertainty (where fuzzy credibility theory is relevant). Probability models are based on the assumption of normality 
and precise probability distributions, whereas fuzzy credibility model allows for a higher degree of ambiguity. The 
study shows that, in a probability framework, the success of a fund manager depends on: 
 
 Selectivity skill 
 Market timing skill (during recovery period), 
 
This finding contradicts the rational expectations model (and the EMH). When the fuzzy credibility 
(uncertainty) framework is used, this effect disappears. The paper makes a distinction between probability and 
uncertainty in order to explain the discrepancy between the two predictions in the hedge fund universe. 
 
During the past decades hedge funds have become central to the global financial system, providing loans, 
liquidity, insurance, and other important services that used to be the exclusive domain of banks (Lo, 2008). There is 
a growing concern that the hedge fund industry is not adequately regulated. The empirical results obtained in this 
paper may contribute in this regard. 
T 
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Hedge fund managers have enjoyed flexibility and favourable market conditions that have enabled them to 
achieve better performance than the traditional markets (Fung & Hsieh, 1997) due to the general upward market 
trend. Given lower correlation with the equity markets, studies on hedge fund performance carried out during 
generally upward market trends have led to contradictory conclusions. 
 
Using only one period framework for their study, Brown et al. (1999) and Kosowski, Naik, and Teo (2007) 
find hardly any evidence of the existence of differential managers’ skills. On the other hand, using a two-period 
framework analysis Agarwal and Naik (2000) and Hwang and Salmon (2002) find evidence of managers’ skills in 
hedge fund performance. Furthermore, using two periods as well as multi-periods framework analyses, Capocci and 
Hubner (2004) argue that managers’ skills can be found among average performers. 
 
Moreover, Ennis and Sebastian (2003) show that, in general, fund managers did not provide protection of 
their clients’ investment capital after the stock market crisis of March 2000; rather, their better performance was 
mostly due to the presence of good market timing skills of their managers during the US stock market bubble that 
preceded it. 
 
These arguments suggest that hedge fund performance analysis depends solely on the time window under 
consideration. This paper differs from the abovementioned works in the sense that it assumes non-linearity and 
asymmetry in performance measures and applies robust probability (Bayesian theory) and uncertainty (fuzzy 
credibility theory) techniques to investigate the persistence of hedge fund performance. These approaches, to the 
best of our knowledge, are new to the hedge fund universe. 
 
In addition, our performance analysis is carried out over four overlapping sub-sample periods representing 
different economic cycles during which persistence in performance is assessed in order to identify the style that 
outperforms the market in bull and especially bear markets. We use only the post-1994 sample periods in order to 
deal with survivorship bias (Capocci & Hubner, 2004). During our whole sample period of January 1995 to June 
2010, the global stock market experienced different economic cycles, including the 1995 financial crisis in Japan, 
the 1997 financial crisis in Asia, the Dotcom bubble in 2000, the 1998 Russian financial crisis, and the 2008-2009 
sub-prime crisis. Hence our performance analysis is not affected in any way by the time window periods that have 
affected the previous research mentioned above. 
 
This paper uses the Jensen (1968) and Treynor and Mazuy (1966) performance measures only in order to 
separate managers’ skill into outperformance, selectivity, and market timing skills. We use probability (frequentist 
and Bayesian) and uncertainty (fuzzy credibility theory) methods to generate the Jensen (1968) and the Treynor and 
Mazuy (1966) coefficients. Our performance persistence analysis is carried out in a two-period framework using a 
contingency table, chi-square, and regression analysis simultaneously. 
 
This paper contributes to the growing literature on persistence in performance of hedge funds in two ways. 
Firstly, it employs a robust probability method; i.e., the Bayesian theory, to obtain managers’ skills (outperformance, 
selectivity, and market timing skills) and uses three different techniques (contingency table, chi-square, and 
regression analysis) simultaneously in order to check the consistency of the performance. These probability results 
show that there is strong evidence of outperformance, selectivity, and market timing skills in hedge fund managers. 
Secondly, the paper employs a robust uncertainty method known as fuzzy credibility theory (Liu, 2007) in order to 
generate the Jensen alphas, the Treynor and Mazuy (1966)’s selectivity and market timing skills. The results of the 
uncertainty fuzzy method show that there is no evidence of outperformance skill in hedge fund managers; however, 
selectivity and market timing skills can be found in these managers. 
 
The rest of the paper is structured as follows: Section 2 presents and discusses the estimation of coefficients 
of managerial skills (Jensen alpha, selectivity, and market timing) using both linear and non-linear CAPMs. Section 
3 discusses the two-period performance analysis using three techniques; i.e., contingency table, chi-square, and 
cross-sectional regression. Empirical results are presented in Section 4, while Section 5 discusses the results and 
concludes the paper. 
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2. JENSEN ALPHA, SELECTIVITY, AND MARKET TIMING SKILLS ESTIMATION 
 
2.1 The Frequentist Model 
 
The Jensen alpha (1968) is simple and is one of the most widely used performance measures in practice. It 
calculates the performance of a fund manager by measuring the deviation of his portfolio’s return from the securities 
market line: 
 
itfmti
J
itfit rrrr   )(  (1) 
 
where imtf  ,r ,r , itr , represent the return on investment style i  used by the fund manager, the risk free rate, the 
market returns at time t , and the systematic risk of the main style respectively. 
 
The intercept term in Equation (1) is referred to as Jensen alpha and measures the skill of the fund 
manager. This model is based on the assumption that markets are efficient in the famous Fama (1984) efficient 
market hypothesis context. In this context all market participants have the same beliefs about asset prices, which 
presumably suggest no mispricing in the market. 
 
A skilled manager attempts to exploit any mispricing that occurs in the market, thereby generating a certain 
value of alpha statistically different from zero. Where the value of alpha is positive (negative) it is a signal that the 
investment style whose rate of returns is itr  is underpriced (overpriced) and the fund manager would gain from the 
style if s/he takes a long (short) position. 
 
The Treynor and Mazuy measure (1966) is a performance measure that separates managerial skill into two: 
selectivity and market timing skills. A manager with forecasting ability gains more than the market does when the 
market return is forecast to rise, and loses less than the market does when the market is forecast to fall. Therefore, 
his portfolio returns will be a concave function of the market returns: 
 
itfmtifmtiifit rrrrrr  
2
21 )()(  (2) 
 
Treynor and Mazuy (1966) showed how the significance of i2  provides evidence of the over-
performance of a portfolio. Admati et al (1986) suggested that i  in Equation (2) can be interpreted as the 
selectivity component of performance and the ])([
2
2 fmti rrE   interpreted as the timing component of 
performance. 
 
This paper employs three robust econometric models to estimate the Jensen alpha, selectivity, and market 
timing coefficients from Equations 1 and 2 respectively. The first two (frequentist and Bayesian) are referred to as 
probability models, while the last one (fuzzy credibility theory) is referred to as an uncertainty model. Our aim in 
using these three different econometric models is to assess whether the estimated coefficients will lead to the 
rejection of the null hypothesis, which would signify that fund managers do not have enough skills (selectivity and 
market timing) to outperform the market consistently. 
 
2.2 Credibility Theory and Fuzzy Credibility Regression Model 
 
A fuzzy random variable is a function from a measurable space to the set of fuzzy variables. Let  be a 
non-empty set of events, and 
 2)(P a power set on . Let A be an event from ; credibility measure 
theory assigns to each event A  a number  ACr which indicates the credibility that 2A will occur. Following 
Liu (2004, 2007), the following axioms apply: 
The Journal of Applied Business Research – September/October 2014 Volume 30, Number 5 
Copyright by author(s); CC-BY 1342 The Clute Institute 
Axiom 1:   1Cr  
 
Axiom 2: Cr is increasing; i.e., for all    BCrBA  ACr  ,   
 
Axiom 3: Cr is self-dual; i.e.,      2A ,1ACr  CACr  
 
Axiom 4:        5.0ACr has that Aany for   ,5.0Cr ii 






ii
i
i ACrSupA  
 
Axiom 5: Let k be a non-empty set of events on which kCr satisfy the first four axioms. 
 
(  then;,....  and )...,2,1 21 nnk   
 
      nnn CrCrCr   .....,...., 111  (3) 
 
  .,....,each For 1 n  
 
Definition 1: (Liu 2004, 2007) any set function Cr satisfying the first four axioms is called “credibility 
measure.” 
 
Moreover, the credibility measure of an empty set is zero; i.e.,   0Cr  
 
Definition 2: (Liu, 2007). A fuzzy random variable  can be defined in Liu’s framework as a mapping 
from credibility space  CrP ),(,  to the space of real numbers; i.e.,   CrP ),(,: . 
 
Example 1: Let        Cr),P(,  then  5.0Cr  and  , 2121   Cr is a credibility space, 
and the function 
 
 






2
1
 if  ,1
 if  ,0


  is a fuzzy variable in the credibility theory framework. 
 
Example 2: Let         ,
2
Cr and 1,0 . Then  CrP ),(,  is a credibility space and the 
function      is a fuzzy variable in the sense of credibility theory. 
 
NB: A crisp number C may be regarded as a special fuzzy variable. In fact, it is the constant function 
  C on the credibility space  CrP ),(,  . 
 
A fuzzy variable  is said to be: 
 
 Non-negative if   00 Cr  
 Positive if   00 Cr  
 Continuous if  xCr   is a continuous function of x ; 
The Journal of Applied Business Research – September/October 2014 Volume 30, Number 5 
Copyright by author(s); CC-BY 1343 The Clute Institute 
 Simple if there exists a finite sequence  nxx ,....,1  such that   0,......,1  nxxCr   
Definition 3: (Liu, 2007). A n dimensional fuzzy vector  n ,....,1  is defined as a function from a 
credibility space  CrP ),(,   to the set of n dimensional real vectors  nxxX ,....,1 . 
 
Fuzzy arithmetic is similar to that of real numbers. The sum (product) of two fuzzy numbers 
21   and   is 
also a fuzzy number. The product (sum) of a fuzzy number with a scalar number is also a fuzzy number. We refer 
interested readers to Liu (2004) for proof. 
 
2.3 Membership Function 
 
The membership function represents the degree of possibility that the fuzzy variable   takes some 
prescribed value. If a fuzzy variable is defined on the triplet  CrP ),(,   then its membership function is 
derived from the credibility measure by: 
 
      x  ;1xCr2x  (4) 
 
A triangular fuzzy variable is defined by the triplet  cba ,,  where crisp values cba  ; and has the 
following membership function: 
 
 

















otherwise ,0
b xif ,1
cxb if ,
bxa if ,
cb
cx
ab
ax
x  (5) 
 
Graphically a membership function for a triangular fuzzy variable has the following form: 
 
    )(x  
 
 
 
 
 
 
 
Figure 1: Membership Function of a Triangular Fuzzy Variable 
 
2.4 Credibility Distribution 
 
Liu (2002) defined the credibility distribution  1,0:   of a fuzzy variable   to take a value less or 
equal to x as: 
 
    xCrx   /  (6) 
 
a b c  x 
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Let   be a fuzzy variable with membership function  , then Liu (2007) defines its credibility distribution 
as: 
      










x  ;y 1y 
2
1
YY
SupSupx   (7) 
 
2.5 Chance Distribution 
 
A random fuzzy variable is a function from the credibility space  CrP ),(,   to the set of random 
variables. It is worth noting that two measures are involved in chance distribution, namely the credibility measure 
defined in  CrP ),(,   and the probability measure defined in  Pr,, A  where   and A  are defined as the 
fundamental non-empty set events and the event defining the sigma algebra. The combination of credibility and 
probability measures leads to a hybrid theory referred to as the chance measure theory that models both random and 
fuzzy events simultaneously. The chance of a random fuzzy event    is a function from    0,1  to1,0  defined 
as: 
 
 
 
  



Pr  )( InfSupCh
ACr
 (8) 
 
Zhu and Liu (2004) define the chance distribution as: 
 
    xxChx  ,  (9) 
 
The first and second moments of a triangular fuzzy variable are given by: 
 
The mean  
4
2 cba
E

  (10) 
 
And the variance  
 
24
2
ac
Var

  (11) 
 
The average chance distribution of a random fuzzy variable is a chance distribution involving credibility 
and probability measure theories. It is used in this paper to model both randomness and fuzziness (ambiguity) in the 
hedge fund universe. Liu (2007) defines the average chance distribution of a random fuzzy variable   by: 
        
1
0
xPr : dxxCrxCh   (12) 
 
2.6 Fuzzy Credibility Regression Model 
 
Credibility regression analysis with average chance distribution describes the relationship of both random 
variables (such as investment style returns, asset prices, etc.) and fuzzy variables (such as the fund manager’s belief 
about the general market trends, the degree to which a fund manager is bullish, the degree to which a fund manager 
is bearish on a given investment style, etc.). 
 
The model in Equation (1 or 2) can be rewritten generally in multivariate settings as: 
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1
 
n
i k ki ik
y x e 

    (13) 
 
where 1 or 2,n  2
1 2x =( ) for n=1 or x =( )  for n=2; i 1,2,.....,T     mt f mt fr r r r     
 
If 1n  , then this model nests the linear CAPM model shown in Equation (1), if 2n  , the model in 
Equation (13) nests a quadratic CAPM shown in Equation (2). 
 
In Equation (13) iiii exy ,,,,   represent the excess return on the main style, excess return on the factor 
i , the alpha, sensitivity of 
kix to changes in iy and the disturbance term respectively. 
 
To express the uncertainty about alpha, the ambiguity surrounding the coefficients generating process, the 
difficulties in verifying the validity of assumptions of the underlying data distribution, the inaccuracy and the 
distortion introduced by linearization, we present a corresponding fuzzy credibility regression model of the form: 
 
1
ˆˆ n
i k ki ik
y x e 

    (14) 
 
where 
ii e
~,
~ˆ
,~ˆ   are triangular fuzzy numbers under credibility measure theory representing the alpha, the 
sensitivity of 
kix to changes in iy and the disturbance term respectively. In matrix form, Equation (14) can be 
written as: 
 
e~
~ˆ
XY   (15) 
 
where  1ˆ ˆˆ,      for a linear CAPM,  1 2ˆ ˆ ˆˆ,  ,      for a quadratic CAPM; i.e., ˆ  is a vector of 
triangular fuzzy coefficients estimated under credibility measures. The triangular fuzzy disturbance term is defined 
in such a way that it contains both randomness and fuzziness; i.e., probability and uncertainty information 
respectively. Hence it can be written as: 
 
 e~  (16) 
 
where  is a random disturbance component defined on a probability space  Pr,, A  and 
 
a fuzzy 
(uncertainty) disturbance component defined on  CrP ),(,  . 
 
We define a triangular fuzzy set of event  corresponding to the disturbance term: 
 





  T1,2,....,i  ;
~ˆ
xye~/e~ tiiii  (17) 
 
Following Liu (2004), the expected mean and variance of the triangular fuzzy disturbance term ie
~
 are as 
follows: 
 
 
(2 0)
0
4
i
h h
E e
   
   (18) 
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 
6
h
e~Var
2
1   (19) 
 
where 0h   is the spread of a triangular fuzzy number centred at zero. To estimate the parameters 
 )
~ˆ
Var( and 
~ˆ
i  we use the maximum uncertainty principle proposed by Liu and Liu (2003), which states 
that for any fuzzy event, if there are multiple reasonable values that a chance measure may take, then the value as 
close to 0.5 as possible is assigned to the event. Under this principle, the average chance M-estimation of parameters 
 )
~ˆ
Var( and c, b, a, , 
~ˆ
i  consists in minimizing the following objective function: 
 
    
 
2
1 2
1
ˆ ˆ
  Q , a, b, c, / , ,...., ;  a, b, c, 0.5
2
         Subject to E e 0
4
n
t t
T i i
i
Minimize y y y y x
a b c
    

     
 
 
 
  (20) 
 
where  0 kˆ ˆ ˆ,..., ; k=1 or 2 t   ( 1k   for linear CAPM or 2 for quadratic CAPM, 0ˆ  ). 
 
Notice that to obtain ˆ  we need to get the first derivatives of the objective function (.)Q  with respect to 
~  subject to 2 0a b c    and equalize it to zero. The same for 1
ˆ
 , 2
ˆ
 ,  and c, b, ,a . In fact we need to 
obtain 1K   parameter estimates from the fuzzy credibility regression model in Equation (14) and four other 
parameters  and c, b, ,a  related to the triangular mean and standard deviation of the coefficient estimates. 
Hence we need to solve a system of  5K   non-linear equations subject to 02  cba . 
 
The solution to this optimization problem is obtained using a numerical method proposed by Dennis (1977) 
and known as the non-linear least square optimization method. 
 
2.7 Bayesian Regression Model 
 
The main purpose in applying Bayes’s theorem to skill coefficients estimation is to combine the 
information derived from the investment style returns series with the fund manager’s prior belief. We begin by 
building the posterior distribution from which simulated skill coefficients are generated and averaged to form the 
posterior outperformance, the posterior selectivity, and the posterior market timing skills. The following equation is 
used for this purpose: 
 
( / ) ( / ) ( )p X L X     (21) 
 
where   is the set of skill coefficients, and X  is the matrix of excess returns on investment styles. The posterior 
( / )p X  distribution contains all relevant information about the unknown parameter  . ( / )L X  is the 
likelihood function, and ( )  is the prior distribution of   depending on one or more parameters. 
 
Let  1,      for a linear CAPM or  1 2,  ,      for a quadratic CAPM be a vector of skill 
coefficients to be estimated and 
2 the variance of the disturbance term to be estimated as well. Assuming that the 
skill coefficients vector   has a normal prior distribution conditional on 2 , and that 2  has an inverted chi-
square: 
2  prior distribution; i.e.,  
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2
0/ ( , )N A     (22) 
 
and 
 
),(-Inv 200
22 C   (23) 
 
Four parameters have to be determined a priori, namely: 
2
000 C and ,,,  A . The scale matrix ,A is often 
chosen to be 
11 )'(    in order to obtain a prior covariance the same as the covariance matrix of the ordinary 
least square estimator of   up to a scaling constant. Varying the scale parameter   allows one to adjust the degree 
of confidence one has that  ’s mean is 0 . The smaller the value of   the greater the degree of uncertainty about 
 . The posterior distribution for  with informative prior is: 
 
2
0( / , , ) ( , )p N        (24) 
 
where 0   and    are the posterior mean and posterior covariance matrix of   respectively. We simulate 21,000 
values of   from the posterior distribution using the Gibbs sampler method. Their average value represents the 
posterior outperformance, the posterior selectivity and the posterior market timing skills reported in the empirical 
results section. 
 
3. TWO-PERIOD PERFORMANCE ANALYSIS 
 
We test the null hypothesis of no managerial skills (neither selectivity nor market timing skills) in two 
period framework using three different techniques simultaneously, namely: the contingency table, the chi-square 
test, and the cross-sectional regression. Following some previous studies (Capocci et al., 2003), we divide our 
sample data into four overlapping subsamples that include different economic market trends such as the 1995 
financial crisis in Japanese, the 1997 financial crisis in Asian, the Dotcom bubble in 2000, the 1998 Russian 
financial crisis, and the 2008-2009 sub-prime crisis. It is worth noting that the aim of this paper is not to identify 
crisis dates that are already known by average informed investors, but instead to assess the effectiveness of each 
investment style during different economic market trends. 
 
Persistence in performance in this context relates to fund managers who are winners in two consecutive 
periods (from subsample period 1 to sub-sample period 2 or from sub-sample period 2 to sub-sample period 3 or 
from sub-sample period 3 to sub-sample period 4) denoted by WW, or losers in two consecutive periods, denoted 
LL. Similarly, winners in the first period and losers in the second period are denoted by WL, and LW denoted the 
reverse. 
 
Firstly, the cross product ratio (CPR) proposed by Christensen (1990) is used to detect the persistence in 
performance of fund managers. The CPR is given by: 
 
 
 LWWL
LLWW
CPR
*
*
  (25) 
 
The CPR captures the ratio of the funds which show persistence in performance to the ones which do not. 
Under the null hypothesis of no persistence in performance, the CPR is equal to one. This implies that each of the 
four categories denoted by WW, WL, LW, and LL represent 25% of all funds. To make a decision about the 
rejection of the null hypothesis, we make use of the Z-statistic given by: 
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where 
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CPRLn
1111
)(   (27) 
 
For example, a Z-statistic greater than 1.96 indicates evidence of the presence of significant persistence in 
performance at a 5% confidence level. (For more details see Kat & Menexe, 2003; De Souza & Gokcan, 2004.) 
 
Secondly, the chi-square test is also used to compare the distribution of observed frequencies for the four 
categories WW, WL, LW, and LL for each investment style with the expected frequency distribution. Studies 
carried out in persistence performance using chi-square test (Carpenter & Lynch, 1999; Park & Staum, 1998) reveal 
that this test based on the numbers of winners and losers is well-specified, powerful, and more robust than other test 
methodologies, as it deals carefully with the presence of survivorship bias. The chi-square test statistic (see Agarwal 
& Naik, 2000) is given by: 
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Lastly, the cross-sectional regression technique is used to investigate the persistence in performance of 
hedge fund managers. Current period performance parameters (outperformance, selectivity, and market timing skill 
coefficients) are considered dependent variables, while previous parameters are considered independent variables. If 
the coefficient of the independent variable is positive and statistically significant then it is an indication that current 
performance is explained by previous performances; hence there is evidence of persistence in performance; i.e., 
evidence of managerial skill across two consecutive periods. 
 
4. EMPIRICAL RESULTS 
 
4.1 Data 
 
We consider a set of returns on hedge fund indices provided by Hedge Fund Research Inc. (HFRI). The 
monthly returns series are HFRI investment style indices representing the equally weighted returns, net of fees, of 
hedge funds classified in each investment style. The dataset extends from January 1995 to June 2010. A complete 
list of all investment styles used in this paper and their respective labels is available from the author. To account for 
survivorship bias we consider only the sample periods of after 1994. According to Capocci and Hubner (2004), 
hedge fund data starting after 1994 is more reliable and does not contain any survivorship bias. 
 
Based on previous work done by Capocci et al. (2003); we divide our sample period into four overlapping 
sub-samples. We use the Russell 3000 as the benchmark index and consider March 2000 as a separation date 
between sub-sample period 1 (before March 2000) and sub-sample period 2 (after March 2000) as in Capocci et al. 
(2003). During the sub-sample period 1 (January 1995 to March 2000), the Russell 3000 posted positive monthly 
The Journal of Applied Business Research – September/October 2014 Volume 30, Number 5 
Copyright by author(s); CC-BY 1349 The Clute Institute 
returns in 70% of months, with an average yearly return of 19.4%, whereas during the sub-sample period 2 (April 
2000 to Dec 2002), the index posted positive monthly return in 39% of months, with an average yearly return of -
16.9%. During sub-sample period 3 (January 2003 to January 2007), the Russell 3000 index posted positive monthly 
returns in 69% of months, with an average annual return of 15.01%. During the sub-sample period 4 (February 2007 
to June 2010), the Russell 3000 index had a negative monthly return in 56% of months, with an annualized rate of 
return of nearly -11.7%. 
 
We summarize the results of our investigation on hedge fund performance persistence analysis in the Table 
1. More detailed results corresponding to each econometric model are available from the author. The table reports 
the persistence in performance per econometric model used in columns, while it reports the technique used to 
identify persistence in performance for each skill coefficient in rows. For example, the first column of this table can 
be read as follows. Using the frequentist econometric model, the contingency table results show that there is 
outperformance skill in hedge funds from sub-sample period 1 to sub-sample 2, and from sub-sample period 2 to 
sub-sample period 3. This outperformance is due to market timing skill during sub-sample period1 to sub-sample 
period 2; without selectivity skill during the same sub-sample periods. 
 
Table 1: Performance Persistence Analysis 
  Frequentist Bayesian Fuzzy 
 Outperform P1-P2;P2-P3 P1-P2;P2-P3 None 
Contingency Selectivity P3-P4 P3-P4 P2-P3 
 Timing P1-P2 P1-P2 P3-P4 
 Outperform P1-P2;P2-P3 P1-P2;P2-P3 None 
Chi-square Selectivity P3-P4 P3-P4 P2-P3;P3-P4 
 Timing P1-P2 P1-P2 P3-P4 
 Outperform P2-P3 P2-P3 None 
Regression Selectivity P2-P3 P2-P3 P2-P3 
 Timing None None P3-P4 
 
The results of the first two econometric models (frequentist and Bayesian) show that hedge fund managers 
exhibit persistence in outperformance skills during the period between sub-sample period 1 and sub-sample period 
3. These results contradict the EMH and show that some fund managers have skills to outperform the market during 
periods of low and strong economic recovery. However, the results obtained with the fuzzy credibility model show 
that fund managers do not exhibit any presence of outperformance skills during the overall sample period, therefore 
supporting the EMH according to which no market participant can make risk-adjusted abnormal rates of return. 
 
In addition, the first two econometric models (frequentist and Bayesian) show that fund managers exhibit 
significant selectivity skill during the period between sub-sample period 3 and sub-sample period 4, while the third 
model (fuzzy credibility) shows that few hedge fund managers exhibit selectivity skill during period of economic 
recovery only. 
 
With regard to market timing skills, the first two econometric models show that there is presence of 
persistence in market timing skill “for some managers” during the period between sub-sample period 1 and sub-
sample period 2 only. The third econometric model shows that fund managers exhibit persistence in market timing 
skill during the period between sub-sample period 3 and sub-sample period 4. Many market experts believe that the 
period after the sub-prime crisis would see asset prices coming off their lows, making it easy for many fund 
managers to time the market precisely when it is coming out of the recession. 
 
5. DISCUSSION OF RESULTS AND CONCLUSION 
 
The main objective of this paper is to determine whether fund managers can outperform the market 
consistently during different economic market trends. To reach this objective, monthly returns on hedge fund indices 
collected from the HFRI group (one of the largest hedge fund data providers in the world) are considered for the 
period between January 1995 and June 2010. With this main objective in mind, we divide our entire sample into four 
overlapping sub-sample periods in order to determine whether skilled fund managers would consistently outperform 
the market in these different sub-sample periods. Our sample sub-division is consistent with what has been done 
previously in the literature (see for example Capocci et al., 2003; Carhart, 1997). 
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We base our inferences on the EMH as a prediction model by assuming that the market is efficient and that 
fund managers cannot outperform it. To carry out this performance analysis, we use the CAPM (Sharpe, 1964) and 
quadratic CAPM (Treynor & Mazuy, 1966) and employ three different econometric models, namely the frequentist, 
the Bayesian, and the fuzzy credibility models to estimate the outperformance, the selectivity and the market timing 
skill coefficients. The first two models are referred to as probability models, while the last one is termed an 
uncertainty model. Using three different techniques widely applied in hedge fund performance analysis (see for 
example Naik, 2009) – contingency table, chi-square test, and cross-sectional regression – we obtain the following 
results. 
 
The performance analysis results obtained with the first econometric model (Frequentist) show that fund 
managers have skills to outperform the market during the entire sample period. However, this outperformance is 
mostly due to market timing skill rather than selectivity skill. In order to test the robustness of our findings, we 
replicated the same analysis using the second and third econometric models; i.e., the Bayesian and fuzzy regression 
models. 
 
For the Bayesian regression model, we employed the Monte Carlo simulation method using the Gibbs 
sampler with 21,000 simulations. Results obtained with this econometric model show that fund managers have the 
skills to outperform the market during sub-sample period 1 through sub-sample period 3. This market 
outperformance is due to market timing skill during sub-sample period 1 and sub-sample period 2 and to selectivity 
skill during sub-sample period 2 through sub-sample period 3. 
 
The last econometric model (fuzzy regression) results in findings that are opposite to those obtained with 
the two previous probability models. These results show that although there are some managers with little selectivity 
skill (during sub-sample 3 to sub-sample period 4) and timing skill (during recovery period only), fund managers do 
not have enough skills to outperform the market because of lack of market timing. 
 
One major economic explanation of the difference between probability and uncertainty models is that, 
theoretically speaking, the source of hedge fund performance is market inefficiencies which are exploited by skilled 
fund managers to generate alphas. The recent increase in the number of sophisticated computer programs such as 
high frequency trading, which detect market mispricings and exploit them spontaneously, has made market 
inefficiencies even rarer, thereby leading to greater market efficiency. Given the pressure from their investors, some 
fund managers attempt to conduct illicit activities such as insider trading in order to create alphas. 
 
The scarcity of market inefficiency is an indication that the results obtained with our uncertainty model are 
reliable. Uncertainty models use quantity information (return series) as well as fuzziness (scarcity of market 
inefficiency, level of bullishness or bearishness, etc.) to show that the risk-adjusted investment returns of hedge 
funds may be equal to those of the market (especially in bear markets) due to the high management and performance 
fees that hedge funds charge to their investors. In these circumstances, EMH partisans would argue that due to 
information dissemination, there is no arbitrage opportunity in hedge funds. 
 
In contrast, probability models show that the presence of some fund managers endowed with selectivity and 
market timing skills is proof that bounded rationality leads to market inefficiency. This finding contributes to on-
going research in the field of behavioural finance which believes that market inefficiencies are the result of less than 
fully rational behaviour on the part of some market participants. 
 
Although some fund managers can beat the market, investors in hedge funds need to understand that their 
money is held for a long lock-in period and that the administration and management fees they pay to hedge funds 
can lower their profit and make their risk-adjusted return equal to that of the market. 
 
The uncommon risk-taking behaviour we have witnessed recently in the hedge fund industry is a result of 
the fact that the compensation of fund managers is determined by their performance. If the performance is better, the 
manager is likely to get large bonus. Consequently each fund manager attempts to take higher risk in order to obtain 
better performance. When fund managers take risky positions, they know that they expose their firm to significant 
risk, but they do not care about it because their compensation scheme does not force them to face the consequences 
of the risk they take. 
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In many cases, fund managers are compensated largely on the size of the risky positions they take and not 
on the long-term performance of these positions. We recommend that policy-makers create a safer environment for 
investors in hedge funds by holding back a portion of an individual fund manager’s bonus on a rolling one-year 
basis, for example, as tangible insurance for future losses caused by that fund manager, and also by shortening the 
lock-in period to allow short-term redemption options. This can limit excessive risk-taking behaviour. 
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